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The work of Reddien et al. (2005) represents a
quantum leap in studies of planarians, truly ushering
this organism into the age of functional genomics. Any-
body who has observed a planarian and marveled at its
regenerative potential should be able to appreciate the
significance of this work. One of the next challenges
will be to understand the molecular bases for the phe-
notypes described here. Using an expanded pool of
markers to label specific differentiated cell types or dif-
ferent subsets of the neoblast population will be crucial
for refining (and expanding) the categories of planarian
phenotypes. The fruits of all of this labor ultimately will
be an understanding of the cellular and molecular
bases of the planarian’s remarkable developmental
plasticity. Everybody grab a razor blade!
Phillip A. Newmark
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A Functional Genomics Approach
to Identify New Regulators
of Wnt Signaling
T
eA recent study by Dasgupta et al. (2005) used a ge-
nome-wide RNAi screen in Drosophila cells to identify v
W238 candidate regulators of the Wnt-signaling path-
way, most of which had not been previously con- t
cnected to Wnt signaling. Supporting in vivo studiesre in progress. The fact that such an impressive
umber of potential modulators had eluded detection
n genetic screens underscores the potential of apply-
ng new, high-throughput approaches to old problems.
he Wnt family are secreted glycoproteins that play
ssential roles during embryonic development. In both
ertebrates and invertebrates, the binding of secreted
nt to its receptor (Frizzled/LRP complex) results in
he activation of a complex signal-transduction cas-
ade. For the canonical Wnt pathway, the end point is
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625transcriptional regulation via formation of the β-catenin/
arm-TCF/LEF transcriptional activator. In the absence
of Wnt, β-catenin is normally targeted for proteasome-
mediated degradation by a cytoplasmic complex con-
taining Axin, Gsk3, and APC. Upon receptor stimula-
tion, Dsh interacts with the cytoplasmic degradation
complex, allowing β-catenin to accumulate, translocate
to the nucleus, and interact with TCF to activate tran-
scription (see Nusse, 2005).
Transcriptional regulation via Wnt signaling can have
pleiotropic effects depending on the cell type and its
developmental context. For example, Wnt signaling can
promote cell proliferation, specification, and differentia-
tion. In mice and humans, there are 19 Wnt genes, 10
receptors, and two coreceptors. Given the complexity
of the number of possible ligand-receptor combina-
tions and their complex expression patterns, it is not
surprising that mutations in genes within the Wnt-sig-
naling pathway lead to a number of diseases, includ-
ing cancer.
Extensive genetic screens in Drosophila and C. ele-
gans have identified many components of this pathway.
However, as a result of the complexity of the phenotype
and potential crosstalk with other pathways, some
pathway regulators will likely not give an obvious Wnt-
related phenotype in the context of the entire organism.
In order to identify new Wnt-pathway regulators, Das-
gupta et al. conducted a genome-wide RNAi screen in
Drosophila tissue-culture cells with a TCF-Luciferase
reporter assay (Dasgupta et al., 2005). Two hundred
and thirty-eight candidates were identified, including
known pathway members that function at different lo-
cations within the cell—e.g., at the cell surface (Fz, Fz4,
and LRP-6/Arrow), in the cytoplasm (Dsh, Axin, and
CK1α), and in the nucleus (dTCF, Lgs, and Pygpo).
The vast majority of genes identified had no previous
association with the Wnt-signaling pathway. Approxi-
mately 20% of the genes code for putative transcription
factors, which include 14 HMG-box-containing pro-
teins. It will be very interesting to determine whether
these proteins can directly interact with β-catenin to
activate transcription in a sequence-specific manner
similar to that of TCF/LEF. If they can, this would raise
several new questions that need to be addressed. How
is the specificity for different β-catenin-HMG-protein
heterodimers regulated by Wnt signaling? In what cellu-
lar context would each heterodimer function? What is
the transcriptional readout from each heterodimer?
This screen cast a wide net to identify all genes that
function between ligand-receptor binding and tran-
scriptional activation, many of which would not be pos-
sible to identify in classical genetic screens. It will be
very important to determine whether the effect of these
genes can be attributed to direct regulation of the Wnt-
signaling pathway or to their function in other cellular
processes, which may have a secondary effect on the
assay used. The authors have begun to address this by
using in vitro epistatis studies and in vivo analysis to
assess the relevance of a select number of genes in
Wnt signaling. One such protein, Rab5, is a small
GTPase that is essential for endocytic-vesicle traffick-
ing. Rab5 knockdown by RNAi increased Wg-depen-
dent pathway activation in vitro. Ectopic expression of
Rab5 in the wing margin of imaginal discs resulted inan inhibition of transcriptional activation by Wg. These
results indicate that Rab5 is a new inhibitor of Wg-
dependent transcriptional activation in vivo. The au-
thors extended this analysis to examine the role of one
conserved new gene, CG4136—a Paired-like homeo-
box transcription factor—during Zebrafish develop-
ment. Embryo injection of the human cDNA for CG4136
phenocopies the effect of injecting Wnt-8, indicating
that CG4136 is a new conserved regulator of the Wnt-
signaling pathway.
There are five major signaling pathways that are used
extensively during development: the Wnt-pathway dis-
cussedhereandHh-signaling, TGF-β-signaling, FGF/EGF-
signaling, and Notch-signaling pathways. A large num-
ber of specific components of each pathway have been
identified; however, there is also extensive crosstalk
between each pathway. In addition, signaling pathways
can share common regulators of their signal-trans-
duction cascades. For example, two new regulators of
Wnt-signaling activity identified by Dasgupta et al. were
previously shown to play a role in other signaling path-
ways. Rab5 is required for Dpp (TGF-β) gradient forma-
tion, and Lilli can genetically interact with members of
the Dpp- and RTK/Ras (FGF/EGF)-signaling pathways.
Lum et al. conducted a similar RNAi screen to identify
new regulators of the Hh-signaling pathway (Lum et al.,
2003). Two of the genes they identified as Hh-pathway
components, dally-like and casein kinase 1a, are known
to function in Wnt signaling. It will be very interesting to
integrate these two data sets to identify more common
regulators that may represent new points of crosstalk
between these two well-studied pathways.
The technology of high-throughput RNAi screens has
been developed very recently. Despite this, a substan-
tial number of genome-wide screens have already been
conducted in multiple species. In C. elegans, genome-
wide RNAi screens have identified genes involved in
embryonic lethality (Kamath et al., 2003), longevity (Lee
et al., 2003), and fat regulation (Ashrafi et al., 2003). In
flies, genomic screens performed in tissue-culture cells
have identified genes involved in Hh signaling (Lum et
al., 2003), cell morphology (Kiger et al., 2003), growth
and viability (Boutros et al., 2004), and now Wnt signal-
ing (Dasgupta et al., 2005). In this issue of Develop-
mental Cell, Reddien et al. (2005) describe a large-scale
screen looking at regeneration in planarians. In mam-
malian tissue-culture cells, a screen has been con-
ducted to look for new members of the p53 pathway
(Berns et al., 2004). Genome-sequencing projects esti-
mate that roughly 60%–70% of genes from worms and
flies are conserved with humans. Therefore, the major-
ity of data from each study can be integrated in an in-
terspecies phenotypic comparison to identify genes
that have multiple functions.
In this postgenome era, multiple genomic ap-
proaches are being used to identify groups of genes
that act together as functional modules. These include
transcriptional networks, protein-protein interaction
networks, and phenotypic networks. All of these high-
throughput approaches have their inherent caveats
leading to the identification of both false positives and
false negatives. It is only by the integration of data from
multiple “omic” approaches that more-complete and
-accurate functional modules will be obtained. Given
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626Athe recent advances in computational methods and im-
Wproved accuracy in genomic data, the coming years will
Bsee exciting progress in our ability to accurately model
Bcomplex networks and predict systems behavior. S
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